Introduction {#Sec1}
============

The purpose of this manuscript is to present an overview on some clinical and pathophysiological aspects of left bundle branch block (LBBB) that appear important to us and that are based partly on early studies and observations which also remain relevant several decades later. However, the purpose is not to present a complete review of the vast literature on intraventricular conduction disturbances which has exploded during the recent decade. Most of this will be dealt with elsewhere in this issue of the journal.

Left Ventricular Systolic Failure and Left Bundle Branch Block {#Sec2}
==============================================================

Left ventricular systolic failure has traditionally been attributed to left ventricular remodeling due to intrinsic abnormalities of myocyte function and subsequent derangements in neurohumoral activation. Only during the recent decade, abnormalities in left ventricular performance due to abnormal activation patterns have gained more widespread attention in the cardiology literature and in clinical practice. This very recent interest has mainly been stimulated by the very successful introduction of cardiac resynchronization therapy (CRT) as a new, device-based treatment option for patients with end-stage heart failure and ventricular conduction delays in the mid-1990s \[[@CR2], [@CR3]\]. Several randomized clinical trials have now shown its beneficial potential in patients with chronic heart failure \[[@CR4], [@CR5]\]. However, the initial observations on the negative consequences of abnormal electrical ventricular activation on mechanical cardiac performance date back much earlier and were first described already soon after the introduction of invasive and non-invasive imaging techniques into clinical cardiology \[[@CR6]\]. These early studies described how the abnormal and/or delayed left ventricular activation wave front could lead to a reduction in left ventricular efficiency and performance which is largely independent of myocyte contractile function (Table [1](#Tab1){ref-type="table"}) \[[@CR6]--[@CR8]\]. Abnormal motion of the interventricular septum in LBBB was first demonstrated echocardiographically by McDonald \[[@CR9]\]. During early systole, at the time of aortic valve opening, the interventricular septum demonstrates a dorsal (posterior) motion, the extent of which may vary considerably ("septal beak") and which is followed by abnormal anterior motion later during the ejection phase. Subsequently, Fujii et al. \[[@CR10]\] described three patterns of septal motion in 37 patients with LBBB: Types A and B presented early and abrupt posteriorly directed motion of the septum during the pre-ejection period after which the septum moved anteriorly in type A and posteriorly in type B. Type C exhibited akinetic or dyskinetic septal motion throughout systole. The onset of posterior wall contraction was delayed in all patients with complete left bundle branch block.Table 1Abnormal findings in patients with left bundle branch block and normal left ventricular function at restAbnormalityTechniqueReferenceIschemia in LBBBScintigraphy; cardiac lactate metabolism\[[@CR1], [@CR46], [@CR70]\]Nonspecific morphological alterations in left bundle branch blockEndomyocardial catheter biopsy\[[@CR46], [@CR72], [@CR73]\]Abnormal increase in pulmonary artery pressure during exercise in the presence of normal ejection fractionHemodynamic study (Swan--Ganz procedure)\[[@CR46], [@CR61], [@CR73], [@CR78]\]Wall motion analysis in LBBB: Abnormal motion of the interventricular septumEchocardiography\[[@CR6]--[@CR10]\]Mitral regurgitation in LBBBEchocardiography\[[@CR62], [@CR79], [@CR80]\]Wall motion analysis in LBBB: interventricular delayEchocardiography\[[@CR6], [@CR7], [@CR60]\]

In a series of 100 cases, Curtius et al. \[[@CR8]\] discerned three types of septal motion during meso- and late systole: anterior (paradox) in 18% of cases (type A), posterior (normal) in 58% (type B), and intermediate (type AB) in 24% of cases. Patients with anterior (paradox) movement during meso- and late systole (group A) had more severe clinical disease than did patients in group B. Their ECG showed a longer QRS complex. On X-ray, their cardiothoracic ratio was larger, and on M-mode echocardiography, they had larger LV end-diastolic diameters. Mean values of septal movement of patients with an intermediate pattern during meso- and late systole fell between those with an anterior (paradox) and those with a normal pattern. Left ventricular ejection fraction (LVEF) was lower in patients with anterior (paradox) than in those with intermediate or normal meso- and late systolic contraction. Mean pulmonary artery pressure during exercise was higher in patients with anterior (paradox) movement than in those with intermediate or normal contraction \[[@CR8]\]. Based on these observations, it was assumed that in patients with normal meso- and late systolic movement, the block is more peripherally located than in those with anterior movement.

Asynchronous electrical activation of the ventricles causes regional differences in workload which may lead to asymmetric hypertrophy and LV dilatation, especially due to increased wall mass in late-activated regions \[[@CR11]\]. In hypertrophic hearts, chronic pacing at the RV apex suppressed the development of hypertrophy in the early activated apical septum but did not cause additional hypertrophy in late-activated regions \[[@CR12]\].

In order to resynchronize left ventricular contraction, Curtius et al. \[[@CR7]\] mentioned that an abnormal contraction pattern in LBBB might be reversed by pacing. It took more than a decade before this theoretical concept was realized: In 1994, Bakker et al. \[[@CR2]\] and Cazeau et al. \[[@CR3]\] were the first to demonstrate independently from each other in humans that synchronized ventricular pacing targeted to the site of latest electrical activation has the potential to compensate for abnormal left ventricular activation and may improve global ventricular function by resynchronization of dyssynchronously contracting myocardium.

Based on the inclusion criteria of the major randomized trials, the present heart failure and pacing guidelines consider CRT as a class I indication for patients with symptomatic systolic heart failure and QRS prolongation of 0.12 s or greater \[[@CR13], [@CR14]\], but do not consider QRS morphology (i.e., type of bundle branch block) for patient selection. In the Comparison of Medical Therapy, Pacing, and Defibrillation in Heart Failure trial \[[@CR4]\], patients without a LBBB pattern did not show a statistically significant benefit compared to those with LBBB, and those with QRS durations ≤0.147 s had no benefit as well.

The renewed interest in the significance of the type of intraventricular conduction disturbance such as classical LBBB came from the recent observation in Multicenter Automatic Defibrillator Implantation Trial--Cardiac Resynchronization Therapy that the benefit of CRT in class I and II heart failure patients was confined to those who had classical complete LBBB whereas those with a non-LBBB configuration did not derive any benefit \[[@CR15]\]. This is further supported by a recent report from the Medicare Implantable Cardioverter-Defibrillator Registry on 14,946 patients who had received CRT and met standard QRS and LVEF criteria for CRT implantation \[[@CR16]\]. Among these patients, 10,356 (69%) had LBBB, 1,638 (11%) had right bundle branch block, and 2,952 (20%) had a nonspecific intraventricular conduction disturbance. During a median follow-up of 40 months, patients without LBBB had significantly increased early and late mortality compared to patients with LBBB since a positive response to CRT will mostly be confined to those with LBBB. A QRS duration ≥0.150 s predicted more favorable outcomes in LBBB but not in right bundle branch block.

Electrocardiographic Definition of LBBB {#Sec3}
=======================================

Due to the increased importance of separating LBBB from diffuse intraventricular conduction disturbances, a look at the ECG criteria is warranted. In classical LBBB (Fig. [1](#Fig1){ref-type="fig"}), the dominant feature of intraventricular block is the prolonged QRS complex (≥0.12 s) due to delayed activation of the left ventricle, accompanied by a characteristic morphology of the QRS complex \[[@CR17]--[@CR19]\]. Besides conduction disturbances in the specific parts of the intraventricular conduction system (classical LBBB), a diffuse intraventricular conduction disturbance may exist in the left ventricle due to more peripherally located, regional conduction disturbances (e.g., post-myocardial infarction). Such a nonspecific intraventricular conduction defect also presents with a QRS interval prolongation of 0.12 s or more but with a pattern of QRS that does not correspond to the classical pattern of left (or right) bundle branch block. It should be noted that the term block does not necessarily imply a complete interruption of conduction but may be due to major delay of conduction in some parts of the conduction system which explains the variety of morphologies that can be observed and the frequently nonspecific patterns of conduction delay \[[@CR20]\].Fig. 1An example of classical left bundle branch block in a patient with heart failure due to dilated cardiomyopathy

Besides the typical prolongation of QRS above 0.11 s, there is a delay of the intrinsic deflection in leads V5 and V6 of more than 60 ms, and there are typically no septal q waves in leads I, V5, and V6 due to the abnormal septal activation from right to left. A narrow q wave may be present in lead aVL in the absence of myocardial pathology, and broad notched or slurred R waves can be observed in the left-sided leads I, aVL, V5, and V6. The activation wave front from the right ventricle proceeds slowly across the septum toward the late-activated left ventricular posterolateral segments and consequently the right-sided chest leads V1 and V2 present with an rS or QS pattern. The ST and T wave vector is 180° discordant to the QRS vector.

Recently, Strauss et al. stressed the importance of notched or slurred R waves in left-sided leads I, aVL, V5, or V6 as a classical feature of LBBB \[[@CR21]\]. These notches represent different moments during left ventricular activation as determined by computer simulation of LBBB \[[@CR22]\]. According to their explanation, the first notch (depicted at 50 ms after QRS onset) represents the time when the electrical depolarization wave front reaches the endocardium of the left ventricle after proceeding through the septum. The second notch then occurs when the depolarization wave front begins to reach the epicardium of the posterolateral wall. They explain the slurring of QRS, with little change in QRS amplitude between the two notches, by the fact that the magnitude and direction of the mean electrical vector remains approximately constant once depolarization reaches the endocardium of the left ventricle because it has to proceed outward in the septum and around the left ventricle to the posterolateral free wall \[[@CR21]\]. In typical LBBB, the site of block (or major conduction delay) may vary. It may be located in the main bundle or the distal conduction system, but even longitudinal dissociation with asynchronous conduction in the bundle of His may give rise to abnormal patterns of activation within the bundle of His since specific fibers appear to be predestined to activate certain parts of the right and left ventricles.

The same group very recently also questioned the current definition of complete LBBB and proposed stricter criteria for the diagnosis, especially with regard to improving the identification of suitable heart failure patients for cardiac resynchronization therapy \[[@CR21]\] (Table [2](#Tab2){ref-type="table"}). They rightly criticize that besides an increase in QRS duration above normal, QRS morphology frequently has not been considered carefully enough. They also point out that the threshold of 0.12 s was established on the basis of comparing the ECG in humans to those in dogs and suggest that the lower cutoff for complete LBBB should rather be ≥0.14 s in men and ≥0.13 s in women. A higher QRS cutoff for men was proposed because of the larger heart size which takes longer to depolarize. In normal conduction, the mean QRS duration is 92.7 ± 9.3 ms for men and 87.1 ± 8.7 ms for women \[[@CR23]\]. The absence of septal Q waves has generally been considered as another typical criterion for classical LBBB. However, since an anterior apical infarct can lead to Q waves in these leads in the presence of LBBB, Strauss et al. suggested that the presence of Q waves in leads I, V5, and V6 should not exclude patients from a diagnosis of LBBB \[[@CR21]\].Table 2Proposed renewed criteria for diagnosing LBBB \[[@CR21]\]Criteria for complete LBBBQRS duration ≥140 ms (men) or ≥130 ms (women)QS or rS in leads V1 and V2Mid-QRS notching or slurring in ≥2 of leads V1, V2, V5, V6, I, and aVL

Electrophysiological Characterization of Intraventricular Conduction in LBBB {#Sec4}
============================================================================

In many patients with bundle branch block, bundle of His recordings has revealed abnormal atrioventricular conduction properties, especially within the His-Purkinje system. The mean H-V interval in patients with LBBB was significantly longer than in patients with right bundle branch block \[[@CR24], [@CR25]\]. In LBBB, the activation of the septum from the right side occurs with only a minimal delay of a few milliseconds \[[@CR26]--[@CR29]\]. Thus, a marked prolongation of the H-V interval in LBBB should be considered to be due to an additional conduction delay within the bundle of His or the right bundle branch, indicating truncular or trifascicular disease \[[@CR30]--[@CR33]\]. In nearly all patients with LBBB and prolonged H-V interval, a delay is seen between the first recorded septal activation (V wave on intracardiac recordings) and the activation of the RV apex which underscores this interpretation \[[@CR25]\]. The occurrence of block within the left bundle branch does not necessarily prolong H-V time because in patients with intermittent LBBB, the H-V interval remains constant \[[@CR34]\].

The etiology of LBBB plays a role in determining the H-V interval. Nearly all patients with congestive (dilated) cardiomyopathy exhibited a prolonged H-V interval whereas in other groups, both normal and abnormal values occurred \[[@CR25]\]. The abnormal morphological findings in the RV myocardium discussed elsewhere in this paper suggest that both the conduction system and the ordinary myocardium are involved in the same pathological process.

As far as left ventricular hemodynamic performance is concerned, the speed and spread of left ventricular activation may be important. Catheter mapping studies by the group of Mark Josephson assessed endocardial ventricular activation in 18 patients with LBBB \[[@CR35]\]. Four patients had no organic heart disease, six had congestive cardiomyopathy, and eight had coronary artery disease and previous infarction. Twelve patients had one septal site of left ventricular endocardial breakthrough whereas six had two left ventricular endocardial breakthrough sites, with one site always being septal which would suggest that these patients did not have complete LBBB. Total left ventricular endocardial activation time was significantly longer in patients with coronary artery disease and previous infarction (119 ms) than in those without organic heart disease (81 ms; *P* \< 0.05) and in patients with congestive cardiomyopathies (61 ms; *P* \< 0.001). Duration of total right ventricular endocardial activation was 36 ms (seven patients). The final site of right ventricular activation was at 44 ms after the onset of the QRS complex. In a subsequent study from the same group, Vassallo et al. performed endocardial mapping in 40 patients during right ventricular pacing \[[@CR36]\]. Thirty-nine of 40 patients had only a single left ventricular breakthrough site representing the pattern of LBBB which was located on the midseptum in 33, the apical septum in 4, and the basal septum in 2.

Later, A. Auricchio et al. \[[@CR20]\] used more sophisticated and novel 3D contact and noncontact mapping systems to study the sequence of left ventricular activation in 24 patients with heart failure and LBBB QRS morphology during intrinsic rhythm and asynchronous pacing simultaneously. They could demonstrate that a U-shaped conduction pattern was imposed on the activation sequence of the left ventricle by a transmural functional line of block located between the left ventricular septum and the lateral wall with a prolonged activation time. Patients with LBBB QRS morphology, independent of the duration of the QRS complex, may have an anterior, lateral, or inferior line of block which points to a remarkable heterogeneity of LBBB. This correlated with echocardiographic observations of variable regions of mechanical delay in patients selected for cardiac resynchronization therapy \[[@CR37]--[@CR40]\].

LBBB as Indicator of Left Ventricular Dysfunction and Progression of Heart Failure {#Sec5}
==================================================================================

It has been known for long time that LBBB is generally associated with a poorer prognosis in comparison to normal conduction but also in comparison to right bundle branch block which is generally considered to be benign in the absence of an underlying cardiac disorder like congenital heart disease. Early studies reported a mean survival of less than 5 years after documentation of LBBB \[[@CR41], [@CR42]\]. However, a few patients with LBBB appear to have a good prognosis which does not differ from that of patients with right bundle branch block \[[@CR42]--[@CR45]\]. LBBB may occur in asymptomatic individuals, patients with extensive myocardial infarction, and in those with heart failure, especially in dilated, non-ischemic cardiomyopathies. In some patients, LBBB (sometimes rate dependent) may be the first manifestation of heart disease whereas the clinical presentation of a dilated cardiomyopathy develops only some years later \[[@CR46]--[@CR49]\]. Early studies reported a mean survival of less than 5 years after documentation of LBBB \[[@CR41], [@CR50]\].

In patients with dilated cardiomyopathy, a progressive increase in QRS duration and the presence of a LBBB pattern were related to disease progression \[[@CR47]\]. In 14 of 18 patients with congestive (dilated) cardiomyopathy, progression of disease was accompanied by a movement of the QRS frontal plane vector from a normal axis to left axis deviation which mainly occurred during the first 2 years after clinical manifestation of cardiomyopathy. It has previously been shown that QRS duration increases with progressive dilatation of the left ventricle, e.g., in patients with aortic valve disease \[[@CR51]\]. In a series of necropsy-proven idiopathic dilated cardiomyopathy, patients with multiple ECGs before death also showed a progressive increase in QRS duration \[[@CR52]\] similar to our previous report \[[@CR47]\]. More recently, the relationship between QRS duration and left ventricular mass and volume was studied by Stewart et al. \[[@CR53]\] in a substudy of the Ongoing Telmisartan Alone and in Combination with Ramipril Global Endpoint Trial/Telmisartan Randomised Assessment Study in ACE Intolerant Subjects with Cardiovascular Disease clinical trials. Three hundred sixty-eight patients had a cardiac magnetic resonance scan to measure left ventricular mass, end-systolic volume, end-diastolic volume, and ejection fraction at baseline and after 2 years of follow-up. Each 10-ms increase in QRS duration both within and above the normal reference range was associated with an 8.3% increase in left ventricular mass, a 9.2% increase in end-diastolic volume, and a 7.8% increase in end-systolic volume. From the prognostic point of view, increased QRS duration in patients with heart failure has been shown by several studies to be correlated to a poor prognosis \[[@CR54]\]. The progressive increase in PR, QRS, and QT intervals is more pronounced in patients with dilated cardiomyopathy who die and progressive QRS widening independently and unfavorably predicts cardiac death or the need for heart transplantation \[[@CR55], [@CR56]\].

A human experiment with induction of LBBB as one of its unwanted effects is represented by transcatheter aortic valve implantation (TAVI) which allows exact timing of the onset of LBBB. TAVI is an effective therapy in selected patients with severe, symptomatic aortic stenosis. However, up to 30% to 50% of patients develop a LBBB as a direct effect of valve implantation depending on the type of implanted prosthesis. The prognostic impact of the induction of LBBB was recently reported from a multicenter Dutch registry encompassing all patients who underwent TAVI between November 2005 and December 2010 \[[@CR57]\]. All-cause mortality during long-term follow-up after TAVI was significantly higher in patients who developed LBBB (37.1%; *n* = 86), as compared with patients who did not develop LBBB (23.3%; *n* = 103; *P* = 0.002). By multivariate regression analysis, TAVI-induced LBBB was the strongest independent predictor of mortality at follow-up. These data confirm the negative prognostic impact of disturbances in conduction and, thus, ventricular performance on outcomes.

LBBB as a Sign of Dyssynchrony {#Sec6}
==============================

As already discussed above, QRS prolongation in LBBB has for long been known to cause abnormal ventricular contraction patterns with depressed ejection fraction and to be inversely related to hemodynamic performance. In a patient with intermittent LBBB, deterioration of left ventricular performance occurred during LBBB \[[@CR58]\]. Das et al. \[[@CR59]\] also reported that QRS duration has a significant inverse relationship with ejection fraction and that prolongation of QRS duration (≥0.170 s) in the presence of LBBB is a marker of significant left ventricular systolic dysfunction. The link between LBBB and reduced performance of left ventricular pump function due to dyssynchrony is now well established. These findings have established the basis of cardiac resynchronization therapy.

The time delay between the upslope of the left and right ventricular pressure signals is a reliable measure of mechanical interventricular asynchrony which adds valuable information concerning the nature of asynchronous activation of the ventricles \[[@CR60]\]. These data show that right ventricular activation occurs before initiation of left ventricular activation in patients with LBBB. Left ventricular endocardial activation in patients with LBBB occurs as a result of right-to-left trans-septal activation, and the left ventricular endocardial activation sequence in patients with LBBB is heterogeneous (see above). Patients with coronary artery disease and LBBB have significantly longer total left ventricular endocardial activation times than do patients with no organic heart disease or those with congestive cardiomyopathies. Delay of trans-septal activation is common to all forms of LBBB, but the type of heart disease markedly influences the subsequent pattern of left ventricular activation; patients with prior myocardial infarctions have longer left ventricular activation times than do those without apparent heart disease or cardiomyopathy.

Since patients with LBBB often complain of exertional dyspnea despite normal left ventricular dimensions and function at rest, data from exercise tests may help to explain these symptoms by an abnormal hemodynamic response (Table [1](#Tab1){ref-type="table"}). Among 51 patients with LBBB and normal echocardiograms, coronary angiograms, and ventriculograms, 29 patients showed an abnormal increase in mean pulmonary artery pressure during exercise, which exceeded the upper limit of normal of 30 mmHg \[[@CR61]\]. Therefore, despite angiographically normal coronary arteries and normal echocardiograms and ventriculograms, a generalized myocardial disorder and/or cardiac ischemia (see below) was suspected to be present during exercise since these patients have latent or provocable impairment in LV function.

Intraventricular conduction delays in the presence of a dilated left ventricle may favor the development of mitral regurgitation \[[@CR62]\] and may thereby aggravate heart failure (Table [1](#Tab1){ref-type="table"}). Clinical and experimental observations suggest that a regional wall motion abnormality can induce functional mitral regurgitation. The primary cause of this regurgitation is not regional dysfunction per se but rather geometric changes in the left ventricle and of mitral valve attachment \[[@CR63]--[@CR65]\]. Functional mitral regurgitation is strongly related to changes in the three-dimensional geometry of the mitral valve attachments. This has practical implications for attempts to restore a more favorable configuration that reduces or eliminates regurgitation \[[@CR66]\]. Repair of the mitral valve may, therefore, be an alternative to heart transplantation as a means of improving LV performance, even in the presence of severe left ventricular myocardial dysfunction.

Ischemia in LBBB {#Sec7}
================

Metabolic studies have shown that LBBB may be related to the presence of myocardial ischemia. In 95 patients with abnormal ECGs \[[@CR61]\], an abnormal decrease in arteriocoronary venous difference of lactate concentration (i.e., the production of lactate by the myocardium) during high-rate pacing was used to detect myocardial ischemia. In 51 patients with LBBB, normal ejection fraction, absence of coronary artery disease, and no history of hypertension, the decrease in the arteriocoronary venous lactate concentration was slightly less pronounced than in patients with significant coronary artery narrowing on coronary angiography, but it was still more pronounced than in patients with (only) ST segment depression. Myocardial scintigrams were abnormal in all four patients with LBBB in whom scintigraphy had been performed (Table [1](#Tab1){ref-type="table"}).

Exercise-induced myocardial perfusion defects which may suggest myocardial ischemia as well have been reported in anteroapical and anteroseptal areas in patients with complete LBBB and angiographically normal coronary arteries \[[@CR67], [@CR68]\]. In an experimental study, Hirzel et al. suggested that right ventricular pacing diminished septal myocardial blood flow because of abnormal sequence of electrical ventricular depolarization, as evidenced by septal defects in myocardial scintigrams \[[@CR69]\]. Vernooy et al. \[[@CR70]\] also suggested that asynchronous ventricular activation during LBBB leads to redistribution of circumferential shortening and myocardial blood flow and, in the long run, left ventricular remodeling. Septal hypoperfusion during LBBB appeared to be primarily determined by reduced septal workload which would not explain the above-mentioned findings of lactate global production by the left ventricle. Wackers et al. \[[@CR71]\] compared regional myocardial uptake of thallium-201 during rapid atrial pacing (simulating normal conduction) with that during rapid right ventricular pacing (simulating LBBB). No significant quantitative difference was observed in regional thallium-201 uptake. Contrary to Hirzel et al., Wackers et al. concluded that the altered sequence of ventricular depolarization itself was not the main cause for myocardial perfusion defects in LBBB which would fit with the hypothesis that there is an underlying generalized myocardial abnormality which would explain the output of lactate in the coronary sinus \[[@CR61]\].

Morphological Alterations in LBBB {#Sec8}
=================================

Myocardial biopsy specimen from the right ventricular septum revealed abnormal findings in all but one of 28 patients (EF 72 ± 10.4%) with LBBB \[[@CR72], [@CR73]\]. These findings support the concept of a diffuse myocardial disease in such cases which, therefore, were classified as latent cardiomyopathy (LCM; see below). There was no evidence for small vessel disease. Semiquantitative ultrastructural evaluation of RV myocardial biopsies in patients with LBBB and normal left ventricles showed abnormal findings in ten of 21 cases \[[@CR72], [@CR73]\].

From the morphological point of view, the ultrastructural alterations on biopsy in patients with dilative cardiomyopathy (previously classified as congestive cardiomyopathy) differed only quantitatively but not qualitatively from patients with LBBB. However, none of these changes was specific for a given clinical entity, thus representing a nonspecific response of the myocardium. Degenerative, mitochondrial, and myofibrillar changes; interstitial fibrosis; and hypertrophy of myocardial cells have all been observed, despite the presence of a normal left ventricular angiogram and absence of coronary artery disease. In some patients, these alterations were even severe as had been seen in end-stage dilative cardiomyopathy. Since these morphological findings were obtained from right ventricular biopsies, a generalized myocardial disorder might be present.

LBBB---Just a Conduction Disorder or a Cardiomyopathy? {#Sec9}
======================================================

The fact that LBBB is present in certain cardiac conditions like dilative cardiomyopathy or after myocardial infarction would suggest that it is an accompanying finding which, nevertheless, may aggravate the underlying condition. However, in some cases with otherwise apparently normal hearts, LBBB appears to be the sole abnormality. In other cases, with respect to early observations from our group (G.B.) \[[@CR47], [@CR74]\] and the long-term data from Framingham \[[@CR49]\], LBBB may be an early sign of future development of heart failure, e.g., presenting as dilated cardiomyopathy.

However, the question is whether permanent dyssynchronous activation of the left ventricle with ensuing molecular and structural remodeling may be sufficient to induce left ventricular failure or whether there is a preexisting but not yet manifest cardiomyopathy that leads to both LBBB and deterioration of left ventricular function. Besides the above-mentioned example of LBBB induced by TAVI and subsequent increase in mortality (based on registry data) \[[@CR57]\], another mechanism that mimics LBBB-like activation of the left ventricle is right ventricular pacing. The detrimental role of frequent right ventricular apical pacing has been well established \[[@CR75]--[@CR77]\]. In many cases, right ventricular apical pacing seems to be a factor contributing to aggravation of heart failure. However, there have been individual cases who were paced for long periods and who developed severe left ventricular dysfunction with low ejection fraction and elevated end-diastolic volume that was completely reversible after biventricular pacing. This would suggest that pacing alone may induce left ventricular dysfunction. One example is our first case of radiofrequency catheter ablation of the His bundle in June 1986 who developed severe heart failure after almost 20 years of permanent right ventricular pacing that was completely reversible after implantation of a biventricular pacing device within a few weeks, clinically improving already on the next day (in preparation).

The Concept of a Latent Cardiomyopathy {#Sec10}
======================================

Kuhn et al. \[[@CR46], [@CR47]\] suggested that the presence of LBBB may represent an early stage of a dilative cardiomyopathy in those cases with normal left ventricular dimensions and function and normal coronary arteries at the time of initial presentation. This hypothesis was based on abnormal metabolic and hemodynamic responses as well as on the presence of ultrastructural changes on endomyocardial catheter biopsies from the right ventricular septum (see above). Based on these findings and other studies, patients with LBBB were divided into two groups, those with isolated LBBB, and those with LBBB in conjunction with such abnormal findings.

For these patients with normal left ventricular dimensions and function in whom the abnormal hemodynamic or metabolic response became evident only during exercise or in whom marked alterations of morphology were found, the term "latent cardiomyopathy" (LCM) was suggested. This latter term was proposed since these patients had abnormalities that could only be identified by specific, partly provocative, tests like exercise, myocardial biopsy, or assessment of a propensity to ischemia \[[@CR46], [@CR47]\].

Only limited follow-up data in such patients with LBBB and normal left ventricular dimensions and function at rest exist. Curtius et al. \[[@CR74]\] performed a follow-up of left ventricular dimensions and function in LCM, as defined by abnormal left ventricular function during exercise and invasive measurement of hemodynamic parameters in otherwise "normal" heart. Thirty-six patients with normal left ventricular data at rest (echocardiography, left ventricular angiography, coronary angiography) but at least one pathologic functional parameter during exercise were studied prospectively by clinical means and by one- and two-dimensional echocardiography (mean follow-up 3.3 ± 1.3 years). No patient died and the average clinical class remained unchanged. M-mode echocardiography did not reveal any significant changes, neither in left ventricular end-diastolic and end-systolic dimensions nor in shortening fraction. However, in five out of nine patients with LBBB, the two-dimensional echocardiogram showed the development of a slight reduction of left ventricular contractions (without an increase in the end-diastolic dimensions). This was not observed in any patient without LBBB. Another finding was that the dimensions of the left atrium of LCM patients exceeded those of a group of normal subjects (*p* \< 0.02) with a further increase in the course of the disease (*p* \< 0.001). These results indicate that the deterioration in left ventricular function may be mechanistically related to the presence of LBBB and the accompanying abnormal left ventricular performance but that longer follow-up might be needed to develop a more pronounced clinical presentation.

Conclusions {#Sec11}
===========

LBBB has received much renewed attention since biventricular pacing to restore synchrony of left ventricular contraction has become a frequently used modality to treat patients with heart failure. The purpose of this retrospective view was to present some information on this entity which mostly dates back some decades but which is still relevant today and which might be a stimulus for updated research on LBBB and related disorders of intraventricular conduction disturbances.
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